Abstract. Spatial patterns of pathogen prevalence are determined by ecological processes acting across multiple spatial scales. Host-pathogen interactions are influenced by community composition, landscape structure, and environmental factors. Explaining prevalence patterns requires an understanding of how local determinants of infection, such as community composition, are mediated by landscape characteristics and regional-scale environmental drivers. Here we investigate the role of local community interactions and the effects of landscape structure on the dynamics of barley and cereal yellow dwarf viruses (B/CYDV) in the open meadows of the Cascade Mountains of Oregon. B/CYDV is an aphid-transmitted, generalist pathogen of over 100 wild and cultivated grass species. We used variance components analysis and model selection techniques to partition the sources of variation in B/ CYDV prevalence and to determine which abiotic and biotic factors influence host-pathogen interactions in a Cascades meadow system. B/CYDV prevalence in Cascades meadows varied by host species identity, with a significantly higher proportion of infected Festuca idahoensis individuals than Elymus glaucus or Bromus carinatus. Although there was significant variation in prevalence among host species and among meadows in the same meadow complex, there was no evidence of any significant variation in prevalence among different meadow complexes at a larger spatial scale. Variation in prevalence among meadows was primarily associated with the local community context (host identity, the relative abundance of different host species, and host species richness) and the physical landscape attributes of the meadow. These results highlight the importance of local host community composition, mediated by landscape characteristics such as meadow aspect, as a determinant of the spatial pattern of infection of a multi-host pathogen.
INTRODUCTION
Like other species interactions in ecological systems, host-pathogen interactions are influenced by environmental factors, landscape characteristics, and community context (Guernier et al. 2004 , Collinge and Ray 2006 . Spatiotemporal patterns of infection may be driven by climate variables such as temperature and precipitation (Pascual et al. 2000 , Garrett et al. 2006 , Snall et al. 2008 , which can vary in a spatially consistent manner based on the topography of a landscape. For vector-transmitted, multi-host pathogens, differential vector and host species' responses to environmental heterogeneity and landscape structure, mediated by species interactions, will generate spatial heterogeneity in the composition and abundance of the vector and host communities across the landscape. Because these factors such as community composition, landscape structure, topography, and species interactions that drive host-pathogen interactions can act at a broad range of spatial scales (Smith et al. 2003 , Fabre et al. 2005 , Duffy et al. 2010 ), a deeper understanding of pathogens in natural systems will arise from quantifying the relative importance of these different processes to both local-and larger-scale patterns of infection.
At a local scale, the diversity and composition of the ecological community can affect the prevalence of infectious diseases . Increasing host species richness can lead to a reduction in prevalence by reducing the abundance of highly competent hosts or decreasing the rate of transmission between hosts (Ostfeld and Keesing 2000 , Ezenwa et al. 2006 , Dizney and Ruedas 2009 . The composition of multi-host communities can also affect prevalence, because interspecific variation in host competency (a function of host susceptibility, recovery, and infectious- 4 E-mail: smoore@ucar.edu ness) can lead to the dilution or amplification of prevalence at the community level Mitchell 2004, LoGiudice et al. 2008 ). In the case of vector-borne diseases, the composition of the local community (including both host and non-host species) may also influence the abundance and composition of the vector community, vector preference for different host species, or transmission rates between vector and host species (Power and Mitchell 2004 , Malmstrom et al. 2005 , Borer et al. 2009 ). However, the composition and configuration of the host community at larger spatial scales may mediate the effect of local-scale influences (Plantegenest et al. 2007 ). For vector-or wind-dispersed pathogens, local-scale disease incidence or prevalence can be influenced by the regional abundance of highly competent hosts (Fabre et al. 2005) or the proximity to neighboring host populations (Ericson et al. 1999 , Smith et al. 2003 .
The local context for infection also includes the role of local abiotic conditions that can influence host-pathogen or vector-host interactions. The availability of essential nutrients such as nitrogen and phosphorus can affect vector abundance (Pope et al. 2005 , Borer et al. 2009 ) and increase pathogen prevalence and disease incidence (Strengbom et al. 2002 ). Other abiotic factors that affect community productivity and composition, such as temperature and soil moisture availability, may also influence local infection patterns. However, environmental conditions also affect patterns of infection at larger spatial scales because they are important determinants of the distribution of host and vector communities (Gubler et al. 2001 , Ostfeld et al. 2005 .
In complex disease systems with multiple host, vector, and pathogen or parasite species, each of these species may be influenced by different abiotic factors or processes at different spatial scales, making it difficult to predict patterns of infection (Ostfeld et al. 2005) . Landscape structure can influence ecological interactions and processes, leading to spatial heterogeneity in the presence or abundance of organisms, including hostpathogen communities (Turner 1989) . The physical attributes of a landscape are particularly important determinants of pathogen dispersal, which affects the spread, prevalence, and persistence of infectious diseases (Hess et al. 2002 , Holdenrieder et al. 2004 , Plantegenest et al. 2007 , Real and Biek 2007 . The degree of connectivity between host populations has influenced the patterns of infection and spread of rabies (Smith et al. 2002) , hantaviruses (Langlois et al. 2001) , and plague (Collinge et al. 2005) in wildlife populations. Connectivity between local host populations is also an important determinant of persistence and prevalence for plant pathogens (Ericson et al. 1999 , Park et al. 2001 , Smith et al. 2003 , Laine and Hanski 2006 . For vectordispersed pathogens, topographic features and landscape structure can influence vector dispersal and landing patterns (Plantegenest et al. 2007 ).
The goal of our observational study was to assess the effect of landscape structure and local processes on the distribution and prevalence of a vector-transmitted, multi-host pathogen. We examined the role of local plant community interactions and the effects of environmental conditions and landscape structure on the prevalence of barley and cereal yellow dwarf viruses (B/ CYDV) in the open meadows of the Cascades mountain range in Oregon. We collected B/CYDV infection data for several host grass species, along with a set of abiotic and biotic factors that have the potential to influence infection prevalence at multiple spatial scales. The first objective of our study was to determine whether variation in B/CYDV prevalence occurs primarily among host species at a local within-meadow scale, among adjacent meadows, or among groups of meadows at a larger spatial scale. Second, we used model selection techniques that have recently been advocated for ecological data Omland 2004, Whittingham et al. 2006 ) to determine which abiotic and biotic factors were important predictors of local prevalence. Potential explanatory factors were grouped into categories of factors or processes that could potentially influence host-pathogen interactions in this system. These categories were then used to construct a set of candidate models from which we quantified the relative importance of the different factors for explaining variation in B/CYDV prevalence.
METHODS

Study system
The barley and cereal yellow dwarf viruses are a group of generalist, aphid-vectored plant viruses that infect over 100 grass species in both agricultural and natural systems (D'Arcy and Burnett 1995) . B/CYDV is one of the most economically important diseases of grain crops worldwide and has been widely studied for over 50 years (D'Arcy and Burnett 1995) . The virus has a short latency period in both its host plants and the aphid vector; however, once infected a vector is potentially infective for life and individual hosts typically do not recover from a B/CYDV infection. Host susceptibility to B/CYDV varies, with some species suffering increased mortality and reduced fecundity when infected and other species experiencing little change in their overall fitness (Irwin and Thresh 1990) . The presence of highly competent reservoir species can increase the prevalence of B/CYDV in local host communities (Power and Mitchell 2004) . Host-aphid interactions also vary by host, with aphids showing preference for and experiencing higher fitness on certain host species (Borer et al. 2009 ). Local host community composition can also affect infection prevalence patterns at larger spatial scales . B/ CYDV prevalence varies with host identity, as well as precipitation and soil nitrate concentration, along a 2000-km latitudinal gradient in the western United States , and the strongest drivers of infection prevalence in a spatially nested experiment were the local cover of long-lived hosts and phosphorous fertilization . Both local, withinfield movements and long-distance dispersal by aphids are important for B/CYDV transmission (Irwin et al. 1988 , McElhany et al. 1995 , and host-vector interactions at multiple spatial scales may influence local and regional disease dynamics ). This complexity of B/CYDV epidemiology makes it an ideal study system for the exploration of spatial community dynamics and disease ecology.
Sampling design
Field observations were conducted in the summer of 2008 in the montane meadow system within the H. J. Andrews Experimental Forest and adjacent areas of the McKenzie River drainage in Oregon's central-western Cascade Mountains. Meadows in this region are typically found at elevations ranging from 1000 to 1620 m and are most common on drier, steeper slopes with southern aspects and near ridge lines (Takaoka and Swanson 2008) . These open meadows are patchily distributed within a forested landscape among the higher-elevation forest, where environmental conditions are more stressful for trees and rock outcrops are more common (Franklin and Halpern 2000) . Sampling occurred in 20 meadows from four separate, small, meadow systems (here referred to as meadow complexes) that contain at least five meadows of varying size (ranging from ;600 m 2 to 9 ha in size). The mean between-meadow distance within a complex was 590 m, with a range of 160-1215 m. Each of the separate meadow complexes was located at least several kilometers and one mountain ridge away from the other meadow complexes (mean distance between complexes was 11.8 km). The four different meadow complexes were selected to cover the range of different abiotic conditions (e.g., soil moisture, elevation, slope, aspect) typical of Cascade meadows, and to examine the effect of complex-scale (regional) characteristics, such as average meadow size and meadow isolation within a complex, on the spatial patterns of plant community composition and B/CYDV prevalence.
Cover data of each plant species was measured in eight 1-m 2 quadrats per meadow. Quadrats were established at 10-m intervals along a transect across the center of a meadow, except in the largest four meadows, where quadrats were established at 25-m intervals along a similar transect. Species abundance was calculated as the mean percent cover per quadrat within a meadow. Biomass data were also collected from a 0.1-m 2 strip in each quadrat, and sorted by plant functional group (except grasses, which were sorted to the species level). Soil moisture in each quadrat was measured using a portable TDR (time domain reflectometer) probe. Because dispersing aphids may select their feeding habitat partly based on the ratio of plant cover to exposed ground in a meadow (Irwin et al. 2007 ), the amount of each plot covered by gopher mounds, bare ground, and exposed rock was recorded as a composite variable. In addition to plant species composition data, the mean elevation, slope, aspect, size, and isolation were calculated for each meadow. Slope and aspect data for each meadow were derived from a 30-m digital elevation map of the region in ArcGIS 9.3 (ESRI 2009). Meadow isolation was calculated as either the distance to the nearest meadow or as the average distance between a meadow and all of the other meadows within the same meadow complex. Both isolation metrics yielded comparable results, so analyses using nearest neighbor distance are presented here.
Three of the most common grass species in the study area are the native perennials Elymus glaucus, Bromus carinatus, and Festuca idahoensis. From each meadow, 20 samples of E. glaucus were collected to estimate sitelevel viral prevalence. In addition, 20 samples of B. carinatus and F. idahoensis were collected from each meadow that contained at least 20 individuals of each species, respectively. In total, E. glaucus was collected from each of the 20 meadows, B. carinatus from 18 of 20, and F. idahoensis from 12 of 20, for a total of 1000 samples. Grass tissue samples were air-dried and then assayed for infection with three species in the B/CYDV complex (BYDV-PAV, BYDV-MAV, and CYDV-RPV) via enzyme-linked immunosorbent assay (ELISA; Rochow 1986) using antibodies from Agdia, Elkhart, Indiana, USA.
Statistical analysis
Host-species-specific pathogen prevalence was modeled as the proportion of infected host individuals within a meadow. B/CYDV prevalence data were initially analyzed using a generalized linear mixed-effects regression model (GLMM) with binomial errors and a logit link (using the lme4 package in R v. 2.9.2; R Development Core Team 2009). Meadow complex, meadow, and host species within a meadow were treated as nested random effects to provide an estimate of the variance associated with each factor after accounting for variance at the other hierarchical levels (variance components analysis; Crawley 2007). Partitioning the variance provides an estimate of the relative importance of the different processes influencing infection patterns in this system , Duffy et al. 2010 . Because the meadow-complex spatial scale was not a significant source of variance after accounting for the variation among meadows within each complex (see Results), subsequent analyses were conducted using general linear models (GLMs) with fixed effects only. All statistical analyses were conducted using R version 2.9.1 (R Development Core Team 2009).
Statistical modeling.-The relationship between B/ CYDV prevalence and potential explanatory factors was analyzed by developing a set of candidate models with different groups of explanatory variables. Each model of prevalence was examined using a GLM assuming a binomial error distribution and logit link (logistic regression). The full model using mean meadow-level infection prevalence averaged across all host species as the response variable provided an adequate fit to the data without overdispersion (v 2 4 ¼ 1.96, P ¼ 0.74). Candidate models in the set were compared using an information theoretic approach to generate a confidence set of models for further analysis and multi-model inference (Burnham and Anderson 2002) . The candidate set of models was generated by grouping the explanatory variables into categories of factors that could potentially influence host-pathogen interactions in this system. The groups chosen were: physical landscape attributes, landscape structure attributes, meadow productivity, meadow community composition, total host abundance, host richness, and host community composition. The host community composition category was divided into four different factors representing the abundances of F. idahoensis, E. glaucus, B. carinatus, and all other grasses. This resulted in 10 single-factor models. We then explored all possible subsets of these 10 single factors as candidate models for a total candidate set of 1024 models.
The physical landscape category included elevation, slope, and aspect. Aspect was sine-and cosine-transformed from the 3608 orientation into two variables representing the meadow's orientation along an eastwest axis and a north-south axis. Each of these physical landscape attributes may influence infection through their influence on the phenology of the host grasses, the phenology and population dynamics of aphids, or meadow productivity and richness. Physical landscape attributes are also likely to influence the arrival of aphids because their dispersal ability is often limited by the direction of the prevailing winds (Irwin et al. 2007 ). Because elevation and slope were highly correlated (r ¼ 0.79), and elevation, slope, and E-W aspect were all moderately correlated, we conducted principal components analysis (PCA) to reduce the dimensionality of the data. The first two principal components explained 86% of the variance (59% by PC1 and 27% by PC2) and were used for further statistical analyses. The loadings of the first principal component suggest that PC1 represents a positive influence of elevation (0.62) and slope (0.56) and a negative influence of N-S aspect (À0.44). The second principal component (PC2) represents a positive influence of E-W aspect (0.80) and a negative influence of N-S aspect (À0.49).
The structure of the landscape was represented by the size (log-transformed area) and degree of isolation (distance to nearest meadow) of each meadow. Both the size and isolation of a meadow may influence the richness and composition of the local host community. In addition, the size and isolation of a meadow may affect the likelihood of aphids dispersing to the meadow (Traore et al. 2005 , Irwin et al. 2007 ).
Meadow community composition was represented by plant species richness and the percent cover of forbs, legumes, and sedges. Local-level plant community productivity and richness have been shown to be correlated with the prevalence and severity of some plant pathogens (Mitchell et al. 2002) . Plant community composition varied significantly among meadows in our study (S. Moore, unpublished data), and the composition of the plant community could directly impact B/CYDV infection by directly influencing host community composition via competition or facilitation. Plant community composition might also covary with B/CYDV prevalence due to the influence of other factors not considered here, such as soil nutrient concentrations that may affect both measures (Tilman 1987 .
The meadow productivity category included total plant biomass, litter biomass, soil moisture percentage, and the amount of meadow area covered by gopher mounds, rocks, woody debris, or bare ground. Meadow productivity may correlate with nutrient availability, which can influence B/CYDV prevalence . The amount of standing biomass and the relative amount of bare ground in a meadow can also influence the landing behavior of aphids during dispersal (Irwin et al. 2007) .
Total host abundance was represented by either total grass biomass or the amount of grass biomass as a percentage of total plant biomass. If B/CYDV transmission is density dependent, then prevalence would be expected to increase as a function of host density (as represented by total grass biomass) in a meadow. However, the relative frequency of grass biomass in a meadow may be more important for transmission and prevalence if dispersing aphids respond to the relative frequency of potential host species when selecting where to feed. Candidate sets of models were constructed with either the total or relative frequency of grass biomass to determine which measurement is more important for B/ CYDV prevalence. Total grass biomass was included as a significant explanatory variable more often than the relative frequency of grass biomass, so results from the candidate set of models including total grass biomass are presented here. However, results regarding the significance of the other explanatory variables did not differ between the two candidate model sets.
Host species richness was included as a potential explanatory variable because host diversity is often an important determinant of infection prevalence in multihost communities (Ostfeld and Keesing 2000) .
For multi-host pathogens such as B/CYDV, the composition of the host community may be a more important determinant of prevalence than either host richness or total host abundance (Mitchell et al. 2002 , LoGiudice et al. 2008 . Therefore, we examined host community composition by testing the importance of the abundance of different host species for B/CYDV prevalence. Analyses were conducted using either the total or relative abundances of each grass species as explanatory variables. The total abundance for a species was defined as either the mean percent cover per quadrat or the mean biomass per quadrat. A species' relative abundance was defined as its mean percent cover (or biomass) per quadrat divided by the mean percent cover (or biomass) of all grasses per quadrat. Relative abundance (using proportional percent cover as the metric) consistently explained more of the variance than total abundance, so relative abundance was used to construct the set of candidate models presented here. Because infection data were collected from F. idahoensis, E. glaucus, and B. carinatus, we treated the meadow-level abundance of each of these three species as potential explanatory variables in separate single-factor models, and in conjunction with other variables in multiple-factor models. In addition to these three focal species, 19 additional grass species were found in at least one meadow. The most common of these other grass species were Danthonia intermedius (present in 7 of the 20 meadows sampled), Agropyron repens (5 of 20), Stipa occidentalis (5 of 20), Calamagrostis canadensis (4 of 20), and several Agrostis species (6 of 20). Because none of these species appeared frequently enough to assess their potential effect on B/ CYDV prevalence individually, we considered the combined abundance of the remaining non-focal grass species in a meadow as a potential explanatory variable.
Model selection criteria.-Models were selected from the candidate set of models using bias-adjusted Akaike's information criterion (AIC c ). AIC c adjusts for bias when the ratio of the number of observations (N ) to the number of parameters (K ) is below 40 (Burnham and Anderson 2002) . The best model is the one with the smallest AIC c (AIC cmin ), and all other models are then compared to the best model by calculating their AIC c difference, D i ¼ AIC ci À AIC cmin , which represents the loss of information for model g i compared to the g min . Models with D i values of less than 2 are considered to have substantial support, while models with D i . 10 are considered to have almost no support (Burnham and Anderson 2002) . The AIC c differences can also be used for model comparison and multi-model inference by using them to calculate Akaike weights, w i , for each model (Burnham and Anderson 2002) . The Akaike weights, w i , sum to 1 for all R candidate models and represent the probability that model g i is the best model (from an information theoretic standpoint) among the candidate set of models. A 95% confidence set of models is then chosen from the candidate set of models by selecting the smallest subset of models that have a sum of w i ! 0.95.
An assessment of the relative importance of the various explanatory variables was conducted using the confidence set of models. Rather than infer the significance of a variable from a single ''best'' model, the importance of each potential explanatory variable, x, can be calculated based on how frequently the variable was included as a parameter in the confidence set of models Omland 2004, Whittingham et al. 2006 ). The Akaike weights are summed for all models from the confidence set containing the variable to calculate a term (predictor) weight, f x , for each variable. The 95% confidence set of models was also used to calculate model-averaged parameter estimates and their 95% confidence intervals. Because of the strong correlation between total host abundance, host species richness, and the individual abundances of several potential host species, variation partitioning was used to partition the unique and shared effects of these potential explanatory variables. The procedure decomposes the total sum of squares of the dependent variable (B/CYDV infection prevalence) into components associated with each term of the model consisting of the sum of squares explained by each variable's unique effects and the sum of squares explained by their shared effects, plus an unexplained (''error'') term (Roy et al. 2004) . RESULTS B/CYDV prevalence was largely determined by factors at the local meadow scale rather than at the scale of the regional meadow complex. Of the variation in infection, 29% occurred among meadows within a meadow complex, and ,1% of the remaining variation in prevalence was explained by differences among meadow complexes (Table 1) . Host species identity within a meadow explained an additional 6% of the variation in prevalence. The remaining 65% of variance in infection occurred at the within-species level. Total BYDV prevalence was significantly higher in F. idahoensis (0.129) than B. carinatus (0.072) or E. glaucus (0.082) (P ¼ 0.016; Fig. 1 ). In addition, F. idahoensis had a higher prevalence of BYDV-MAV (P ¼ 0.026) and CYDV-RPV (P ¼ 0.065) than E. glaucus, and a higher prevalence of BYDV-PAV than B. carinatus (P ¼ 0.016). BYDV-MAV prevalence in E. glaucus was significantly lower than in either of the other two species (P ¼ 0.015).
Out of the 1024 candidate models, 45 were identified as plausible models of meadow-level BYDV prevalence based on their AIC c values, making up a 95% confidence set of models (Appendix: Table A1 ). None of the singlefactor models were included in the 95% confidence set, suggesting that infection is driven by multiple factors. The best-fit model included host species richness, the relative abundance of grass species other than F. idahoensis, B. carinatus, or E. glaucus, and the two physical landscape principal components as explanatory variables. The second-best model was the only model with D i , 2, and included only host species richness and the relative abundance of other grass species as explanatory variables. These top two models had Akaike weights of 0.22 and 0.17, whereas the third-best model had an Akaike weight of 0.07. Because inferences should be based on a single best model only if w i ! 0.90 (Burnham and Anderson 2002) , we determined the relative importance of the different explanatory variables and their parameter estimates using the modelaveraged estimates from the 95% confidence set. The relative abundance of other grass species appeared as an explanatory variable in 40 of the 45 models in the confidence set, and had the highest predictor weight f x , 0.93 (Table 2 ). Host species richness had the next highest predictor weight (0.86), followed by physical landscape attributes (0.39) and total grass (host) abundance (0.21). Host species richness and the relative abundance of other grass species were the only two explanatory variables with 95% confidence intervals not encompassing zero (Table 2 ). Based onbˆ¼ À0.34 for host species richness, the odds of infection increase by a factor of 1.39 for each decrease by one in host species richness (95% CI: 1.06-1.85; Fig. 2 ). Likewise, each 10% increase in the relative abundance of other grass species besides F. idahoensis, B. carinatus, or E. glaucus increases the odds of infection by 1.25 (95% CI: 1.08-1.48). The relative abundance of ''other'' grass species was not a significant univariate predictor of infection prevalence (r 2 ¼ 0.02, P ¼ 0.29; Fig. 3a ), but the partial correlation coefficient between B/CYDV prevalence and the relative abundance of ''other'' grass species, given the effect of host species richness, is statistically significant (Pearson's r ¼ 0.445, P ¼ 0.041; Fig. 3b ).
Host species richness and total host abundance were highly correlated (r ¼ 0.88). This may explain why total host abundance was the best-fitting single-factor model (D i ¼ 10.6, Appendix: Table A1 ), but was not included in most of the models in the 95% confidence set (Appendix:
FIG. 1. Proportion of individuals (mean þ SE) of three grass species (Bromus carinatus, Elymus glaucus, and Festuca idahoensis) infected by strains PAV, MAV, and RPV of the barley and cereal yellow dwarf viruses (BYDV-PAV, BYDV-MAV, and CYDV-RPV), and total prevalence of all strains combined. The asterisk indicates that the overall prevalence in F. idahoensis is significantly higher than overall prevalence in B. carinatus or E. glaucus (P ¼ 0.016). A1 ). The relative abundance of ''other'' grass species alone explained more of the variation in B/ CYDV prevalence (19.9%) than did host species richness (6.3%) or total host abundance (0.3%) (see Appendix: Table A2 for full results of variation partitioning). However, host species richness and total host abundance had their most significant effect via their shared influence on the variation in B/CYDV prevalence (25.4%).
The parameter estimates for the two physical landscape variables PC1 and PC2 wereb ¼ 0.006 andb ¼ À0.138, respectively. The parameter estimate near zero for PC1 suggests that only the PC2 variable was responsible for the inclusion of these two physical landscape variables in the 95% confidence set of models. To determine whether PC2 might be a significant explanatory variable, we re-conducted the model selection process with only PC2, instead of both PC1 and PC2, serving as a potential explanatory variable. The updated model selection exercise produced very similar results to those presented in Table 2 and Appendix A, except that the predictor weight for physical landscape attributes increased from 0.39 to 0.80. The relative abundance of other grass species and host species richness still had the highest predictor weights of 0.94 and 0.91, respectively. The best-fit model had a model weight of w i ¼ 0.39 and included three significant variables: host species richness, the relative abundance of other grasses, and PC2. Although the predictor weight for the physical landscape attributes increased, the 95% confidence interval for the model-averaged parameter estimate of the PC2 variable still included zero (b ¼ À0.281; 95% CI: À0.607-0.045).
Outlier analysis of the best-fit model revealed that one meadow had a Cook's distance of .1, which indicates that this meadow may have a large influence on the regression coefficients. In a model omitting this meadow (which had the highest B/CYDV prevalence), grass species richness is still a significant predictor of meadowlevel prevalence, but the regression estimates for the relative abundance of other grasses and physical landscape attributes (PC2) are no longer statistically significant (P ¼ 0.11 and P ¼ 0.06, respectively). The parameter estimates were not drastically different when the influential meadow was excluded:b ¼À0.24 for host species richness,b ¼ 1.25 for relative abundance of other grass species, andb ¼ À0.26 for PC2 (compare to Table  2 ).
DISCUSSION
Spatial patterns of pathogen prevalence are determined by ecological processes acting across multiple spatial scales. Here we used variance components analysis and model selection techniques to partition the sources of variation in B/CYDV prevalence and determine which abiotic and biotic factors influence host-pathogen interactions in a Cascades meadow system. B/CYDV prevalence in Cascades meadows varied by host species identity, with a significantly higher proportion of infected individuals of F. idahoensis than of E. glaucus or B. carinatus. Although there was significant variation in prevalence among host species and among meadows in the same meadow complex, there was no evidence of any significant variation in prevalence among different meadow complexes. Variation in prevalence among meadows was primarily associated with the local community context (host identity, the relative abundance of different host species, and host species richness) and the physical landscape attributes of the meadow. B/CYDV prevalence was negatively correlated with the number of host species in a meadow, suggesting that increasing species richness may cause a dilution effect in this system. The covariation of host richness and B/ CYDV prevalence was not due to prevalence patterns in a single host species. Species diversity is negatively correlated with the incidence and prevalence of a number of different infectious diseases including Lyme disease Keesing 2000, LoGiudice et al. 2003) , West Nile virus (Ezenwa et al. 2006 , Allan et al. 2009 ), hantaviruses (Dizney and Ruedas 2009) , and rust fungi (Mitchell et al. 2002) . Because this was an observational study we cannot assign a causal role to the relationship between host species richness and B/ CYDV infection patterns. Determining a possible mechanism for the relationship between host richness and prevalence is difficult for two additional reasons: (1) the high degree of correlation between host species richness and total host abundance, and (2) the significant covariation of host community composition, host species richness, and prevalence. Host species richness and the total abundance of hosts in a meadow community were likely to be correlated because environmental conditions favorable to grasses positively affect both the abundance and the richness of grasses. Variation partitioning did indicate that host species richness was a more important single factor than total host abundance, but the majority of variation in B/ CYDV infection prevalence explained by either variable was the result of their shared effect.
The most important explanatory variable for B/ CYDV prevalence was the relative abundance of grass species other than E. glaucus, B. carinatus, or F. idahoensis. An increase in the relative abundance of ''other'' grasses was positively related to prevalence after accounting for the effect of host species richness, although it was not significantly correlated with prevalence in a univariate regression model. Community composition in other systems is often a more important determinant of disease prevalence than species richness alone, due to variations in vector preference and performance on different hosts and differences among species in their competency or susceptibility to infection (Mitchell et al. 2002 . The presence of a host species that is a highly competent reservoir can amplify infection; e.g., Avena fatua and B/ CYDV (Power and Mitchell 2004) or the white-footed mouse, Peromyscus leucopus, and Lyme disease , whereas increasing the relative abundance of less competent hosts can lead to a dilution effect; e.g., nonpasserine bird species and West Nile virus (Ezenwa et al. 2006 ). In our study it is not possible to identify one particular species that could be amplifying prevalence because the composition of ''other'' grass species varies among meadows. In addition, the host status and competency of most of these other grass species is unknown, although all of them have congeners that are susceptible (D'Arcy and Burnett 1995) and B/CYDV infection has been observed in Agropyron repens (Eweida and Ryden 1984) . The aphid species Rhopalosiphum padi has similar preference for and performance on Elymus glaucus, Bromus carinatus, and two Festuca species, and other aphid vectors in this system show similar responses (Borer et al. 2009 ). However, little is currently known about aphid responses on other grass species in these meadows.
The composition of the host community also covaried with host species richness. One reason host composition and diversity can covary is that species richness in a community may be nested, with species that are highly competent reservoir hosts occurring in both speciesdepauperate and species-rich communities, but less competent hosts occurring only in more diverse communities (Keesing et al. 2010) . The generality of such a link between host competence and community assembly or disassembly remains unresolved, but the primary hosts for Lyme disease LoGiudice 2003, LoGiudice et al. 2008 ), West Nile virus (Allan et al. 2009 ), hantavirus (Suza´n et al. 2009 ), and bartonellosis (Kosoy et al. 1997 ) all appear to be highly resilient species that persist, or even increase in abundance, as species richness declines. Although host species richness was not strictly nested in the Cascade meadows included in our study, host community composition did vary based on host richness. The relative abundances of the two most common host species, E. glaucus and B. carinatus, were negatively correlated with host species richness, and both the relative and total abundance of ''other'' grass species increased with increasing host species richness. However, there is no evidence that E. glaucus or B. carinatus is acting as a reservoir host for B/ CYDV in this system. Both species had lower levels of infection than F. idahoensis, and mean prevalence was not correlated with the abundance of either species. Although several studies have identified a particular focal host species responsible for the amplification and spillover of infection to other species (see examples from Power and Mitchell [2004] , LoGiudice et al. [2003] ), our results suggest that the different grass species present in these meadows vary in their transmission properties, without a single species driving infection patterns.
In contrast to several recent studies of plant pathogens, landscape structure did not affect the prevalence of B/CYDV in Cascade meadows. The incidence or prevalence of several wind-dispersed fungal plant pathogens has been related to the size of local populations and their degree of connectivity in fragmented landscapes (Ericson et al. 1999 , Smith et al. 2003 , Laine and Hanski 2006 . Landscape structure also affects the spread and persistence of several animal pathogens; for example, habitat fragmentation and Lyme disease prevalence are positively correlated in the eastern United States (Allan et al. 2003 , Brownstein et al. 2005 , and increasing landscape connectivity increases the likelihood of plague outbreaks in prairie dog colonies in the western United States (Collinge et al. 2005 , Snall et al. 2008 . However, here meadow size and isolation did not explain a significant portion of the variation in prevalence. B/CYDV is vector-dispersed, not wind-dispersed, so this suggests that aphid dispersal is not limited by the range of distances examined in this study. The minimum distance to the nearest meadow ranged from 120 to 752 m and the average distance to other meadows within a complex ranged from 310 to 914 m. Because several of the aphid species that transmit B/ CYDV are capable of dispersing several hundred kilometers in short periods of time (Irwin et al. 1988) , the distances among meadows in this study were probably not large enough for the viruses to be dispersal-limited. In addition, almost all of the grasses in this system are perennial and retain their infection among years, which means that B/CYDV does not have to recolonize each meadow annually. In this system with relatively long-lived hosts capable of sustaining systemic infections, spatial structure and environmental factors may play a less important role than in other systems where stochastic transmission events can have a major impact on infection patterns.
A growing number of studies have demonstrated the importance of host diversity and composition on disease risk and prevalence , LoGiudice et al. 2008 , Allan et al. 2009 , Dizney and Ruedas 2009 ). Here we demonstrated that local context (host composition, richness, and meadow aspect) was a more important predictor of prevalence patterns than landscape structure or regional-scale environmental conditions. Even though meadows varied in their size, isolation, elevation, and primary productivity, local host composition was still an important determinant of prevalence. The use of multi-model inference and model-averaging techniques permitted a comparison of the various potential explanatory factors in a complex natural system. These methods largely avoid the problems, such as model over-fitting or unsupported reliance on a single ''best-fit'' model, associated with traditional statistical techniques, particularly when there are significant correlations between the different potential explanatory variables. Determining whether host diversity or the presence of a particular set of host species is responsible for the correlation between host composition and prevalence will require experimental manipulation of the host community. The local and regional-scale population dynamics and dispersal behavior of aphid vector species are probably important determinants of spatial patterns of B/CYDV prevalence. Therefore, manipulating the vector and host communities in a complex landscape could provide insight into the general roles of vector behavior and population dynamics for the transmission dynamics of vectortransmitted pathogens.
